Loss of VHL and hypoxia provokes PAX2 up-regulation in clear cell renal cell carcinoma.
The paired box gene 2, PAX2, encodes for a transcription factor that is up-regulated during nephrogenesis and becomes silenced in mature epithelium of the glomeruli, the proximal, and distal tubules. Reactivation of PAX2 has been frequently observed in clear cell renal cell carcinoma (ccRCC), a tumor type characterized by loss of von Hippel-Lindau (VHL) tumor suppressor function. The regulation of PAX2 expression in ccRCC is unknown. We applied reporter gene assays to investigate PAX2 promoter regulation. Furthermore, PAX2 expression was determined in ccRCC cell lines under normoxic and hypoxic condition in a VHL wild-type and mutated background. PAX2 expression was also assessed in 831 human ccRCC and correlated with hypoxia-inducible factor alpha (HIFalpha) and clinical parameters. Here, we show that both loss of VHL protein (pVHL) function and hypoxia leads to strong PAX2 reexpression. Using luciferase reporter gene assays, no induction was obtained in spite of six hypoxia response element motifs identified in the promoter of PAX2. Comprehensive immunohistochemical analyses showed significant correlations between PAX2, HIF1alpha, and HIF2alpha-target CCND1 expression patterns in ccRCC patients. Notably, PAX2 expression was highly associated with early-stage, well-differentiated ccRCC and, consequently, better clinical outcome (P < 0.0001 each). Additional analyses indicated that PAX2 repressor WT1 and cancer-linked hypomethylation are not important for transcriptional regulation of PAX2 in ccRCC. We conclude that in ccRCC, PAX2 reactivation is driven by HIF-dependent mechanisms following pVHL loss.